Immune Stimulation of Sensitized Chicken Lymphocytes by Avian
Retrovirus Proteins (Accepted 28 January 1982) SUMMARY Peripheral blood lymphocytes of chickens bearing tumours induced by avian sarcoma virus can be specifically stimulated to divide by the crude culture fluids of virus-infected cells. In this communication, we show that relevant antigenic activity apparently resides in each of the internal virus proteins p15 and p27. The ability of infectious culture fluids to be mitogenic for sensitized lymphocytes is greatly reduced following treatment with antibodies specific for either total avian myeloblastosis virus (AMV) protein or for p27.
Previous results from both our laboratory (Wainberg et al., 1979 a) and others (Hall et aL, 1979) have shown that a lymphocyte blastogenesis test may be used conveniently and reproducibly to monitor levels of specific cell-mediated, anti-tumour immunity in chickens bearing tumours induced by avian sarcoma viruses (ASV). The relevant antigenic activity is both virus group-specific and transformation-independent, i.e. it can be induced following infection of chicken embryo fibroblast (CEF) cells by either leukosis or sarcoma viruses of any subgroup . Culture fluids of such infected and/or transformed cells are stimulatory to the peripheral blood lymphocytes of animals injected with either leukosis or sarcoma viruses, but not to the lymphocytes of normal controls. Moreover, this response is mediated by T cells and has been shown to be under direct thymic control (Wainberg et al., 1979b) . This paper presents data to indicate that relevant antigenicity apparently resides within the internal group-specific proteins that are coded by the gag region of the avian leukosis-sarcoma virus (ALSV) genome.
The Prague strain, subgroup A (PrA), of ASV, kindly provided by Dr P. Vogt, University of Southern California, U.S.A., and avian myeloblastosis virus (AMV), kindly supplied by Dr. J. Beard, Life Sciences Inc., St. Petersburg, Fla., U.S.A. under the auspices of a contract with the National Cancer Institute (NCI), National Institutes of Health, Bethesda, Md., U.S.A., were employed in these experiments. COFAL-negative, pathogen-free C/E eggs and chickens were purchased from the breeding colonies of SPAFAS Inc., Norwich, Conn., U.S.A. Viruses were propagated in cultures of CEF cells as described by Temin & Rubin (1958) . Supernatant fluids usually containing about 105 focus-forming units (f.f.u.)/ml in the case of transforming virus were collected after 24 h from infected cells, clarified by low-speed centrifugation, and frozen at -70 °C until use. Both male and female chickens, approx. 2 months old, received injections into the right wing webs of transformed culture supernatant fluid containing approx. 103 to 104 f.f.u, of PrA virus. In some experiments, an equivalent quantity of sucrose gradient-purified virus was employed to obviate the possibility that immunity was being induced by culture supernatants rather than by virus. Age-matched normal chickens that received injections of supernatant fluid of normal CEF cells served as controls. Tumours generally become palpable between 1.5 and 2 weeks after virus inoculation.
In some cases, animals were simultaneously immunized with 5 mg reconstituted BCG (obtained from the Institut Armand Frappier, Laval, Quebec, Canada) by inoculation into the 0022-1317/82/0000-4852 $02.00 © 1982 SGM left wing web at the time of virus inoculation. Although injection of BCG into the same site as that used for virus injection is frequently stimulatory to tumour growth, contralateral sensitization, as employed here, has no effect in this regard (Wainberg & Israel, 1978) . The animals do, however, develop immune reactivity to BCG as can be tested in a lymphocyte stimulation assay in which purified protein derivative (PPD) of BCG is used as antigen. (PPD was kindly supplied by the Ministry of Agriculture, Weybridge, Surrey, U.K.) We tested the peripheral blood lymphocytes of each of the tumour-bearing hosts as well as controls for ability to undergo proliferative responsiveness to relevant antigens. Blood was collected 2 to 2.5 weeks after virus inoculation, and the mononuclear fraction, almost entirely lymphocytes, was purified by Ficoll-Isopaque-gradient centrifugation (Boyum, 1968) . The ceils were resuspended in bicarbonate-buffered, 2% foetal calf serum-supplemented RPMI medium, as described by , to a final concentration of 106/ml. Cultures containing 0.25 ml of this suspension (i.e. 250000 cells) were incubated in microweUs (microtitre U plates, Linbro) in the presence or absence of various test antigens (0.05 ml) for 72 h at 37 °C. In the case of PPD, a final concentration of 20 gg/ml was employed. Each assay was carried out with at least four replicate samples.
[3H]thymidine (0.2 gCi/0.05 ml/well; New England Nuclear) was added to the culture wells for the final 16 h of incubation, after which the samples were processed by trichloroacetic acid precipitation on to filter pads and the amount of incorporated racli0activity was determined. Lymphocyte stimulation indices were calculated as the ratio between amounts of radioactivity incorporated in the presence and absence of antigenic stimulus. Lectin (PHA or Con A)-driven mitogenesis controls were routinely performed to ascertain that cells were capable of responding, and cell counts on stimulated samples were carried out to ensure that the measurement of incorporated isotope reflected lymphocyte proliferation and blastogenesis.
Stimuli tested included the progeny virus-containing supernatant fluids of cultures that had been infected and/or transformed by either AMV or PrA virus. Purified RNA-dependent DNA polymerase (RDDP), derived from AMV, was provided by Dr J. Beard under NCI contract, and each of the AMV proteins p15 and p27 were obtained by 6 M-guanidine-HCl gel filtration as described by Green & Bolognesi (1974) . These proteins yielded single major bands on SDS-polyacrylamide gel electrophoresis, although minor components, representing less than 5 % of total protein added, were sometimes detected. These materials were dialysed against repeated changes of phosphate-buffered saline pH 7.2 for a total of 8 to 10 h before use. Protein concentrations were determined by standard procedure (Lowry et al., 1951) .
The results in Table 1 indicate that specific antigenicity was present in crude supernatant fluids containing either PrA virus or AMV. Lymphocytes of control chickens were not stimulated in these assays by any of the antigens tested, nor were the culture fluids of normal, uninfected CEF ceils (N-CEF) stimulatory to the lymphocytes of tumour-bearing hosts. These data confirm earlier results with this model (Hall et al., 1979; Wainberg et al., 1979 a) .
In addition, we tested individual virus components for their ability to directly stimulate the sensitized lymphocytes of tumour-bearing hosts. The group-specific nature of the lymphocyte stimulation response led us to concentrate on the internal virus proteins. The latter are known to be responsible for a substantial portion of virus group-specific antigenicity, as defined serologically (Vogt & Hu, 1977) . The results in Table 1 show that the two internal AMV proteins tested, p15 and p27 (10 or 20/tg/ml), were stimulatory to the peripheral blood lymphocytes of tumour-bearing but not normal chickens. No antigenic activity could be associated with the RDDP preparation utilized. Similar data were obtained in each of six experiments in which a total of 52 virusqnfected and 21 normal chickens were employed. The implication of these experiments is that the group-specific virus proteins p15 and p27 are, at least in part, responsible for the observed lymphocyte stimulation effect. These proteins, in addition to others, are known to be present in the culture fluids of infected cells (Oppermann et al., 1977) . This result does not exclude other untested proteins from also being potential stimuli in the lymphocyte blastogenesis test.
To ensure that free virus group-specific proteins in the culture fluids of infected cells were indeed responsible for the antigenic effect, we attempted to eliminate reactivity by treatment with specific antibody. Rabbit antisera against gp85 (the major virus envelope glycoprotein) and p27 were a gift from Dr D. P. Bolognesi (Duke University, Durham, N.C., U.S.A.). Rabbit antibodies against disrupted AMV were prepared in this laboratory. Samples (0.4 ml) of culture fluids of AMV-infected CEF cells were coincubated for 2 h at room temperature with 0.05 ml normal rabbit immunoglobulin (Ig) preparation (0.2/~g/ml in RPMI medium) or with similarly diluted anti-AMV, anti-p27 or anti-gp85. A slight excess of diluted goat anti-rabbit Ig was then added (0.05 ml) to precipitate any free rabbit Ig as well as antigen-antibody complexes. Following a further 2 h incubation at 37 °C, the precipitates were removed by centrifugation at 2000 g for 30 min at 4 °C. Supernatants were then tested for ability to drive a sensitized lymphocyte blastogenic response. The results (Table 2) show that treatment with anti-AMV or anti-p27 eliminated a considerable proportion of stimulatory activity, whereas treatment with normal rabbit Ig or anti-gp85 had little or no effect. Furthermore, the use of an identical protocol, in which these various sera were used to pretreat PPD, had no effect on the ability of this substance to stimulate the peripheral lymphocytes of BCG-sensitized hosts.
These data point to the probability that the internal virus group-specific proteins, p15 and p27, are largely responsible for the ability of culture fluids of avian retrovirus-infected cells to mediate a sensitized lymphocyte blastogenic response. We obviously cannot exclude the possibility that other untested proteins, such as gp37 and p12, may have similar activity. Nor can we dismiss a potential role for group-specific elements of gp85 (Van Eldik et al., 1978) . The possibility that the AMV preparation used contains a mixture of helper viruses of either subgroup A or B may further complicate the interpretation of these results, in so far as a role for subgroup-specific antigens is concerned. It does not negate the finding that two internal virus proteins are involved. Others have shown, using similar methodology, that several internal proteins of murine retroviruses are stimulatory to sensitized mouse lymphocytes (Lee & Ihle, 1979) . The current findings are consistent both with that observation and with previous studies on the group-specific and transformation-independent nature of the sensitized lymphocyte response in this system (Hall et al., 1979; Wainberg et al., 1979 a) .
